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A remote tire pressure monitoring system includes a sending unit (12) for each monitored tire (T(1),T(2),T 
(3) t T(4)), and the sending units (12) transmit RF signals, each including an identifier ID(i) and a pressure 
indicator P(i). A receiver (14) operates in a learn mode in which the receiver associates specific identifiers 
either with the vehicle or with specific tires. During the learn mode the vehicle is driven at a speed above 
a threshold speed, such as thirty miles an hour, and identifiers are associated with either the vehicle or 
the respective tires of the vehicle only if they persist for a selected number of signals or frames during the 
learning period. In one example, the tires are inflated with different pressures according to a 
predetermined pattern, and the pressure indicators of the receive signals are used to associate individual 
tire positions with the respective sending units. 
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(54) Method and apparatus for Identifying remote sending units in a vehicle 



(57) A remote tire pressure monitoring system in- 
cludes a sending unit (12) for each monitored tire (T(1), 
T(2),T(3),T(4)), and the sending units (12) transmit RF 
signals, each including an identifier ID(i) and a pressure 
indicator P(i). A receiver (14) operates in a learn mode 
in which the receiver associates specific identifiers ei- 
ther with the vehicle or with specific tires. During the 
learn mode the vehicle is driven at a speed above a 



threshold speed, such as thirty miles an hour, and iden- 
tifiers are associated with either the vehicle or the re- 
spective tires of the vehicle only if they persist for a se- 
lected number of signals or frames during the learning 
period. In one example, the tires are inflated with differ- 
ent pressures according to a predetermined pattern, 
and the pressure indicators of the receive signals are 
used to associate individual tire positions with the re- 
spective sending units. 
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Description 

[0001] This invention relates to the programming of a 
central receiving unit to identify sending units such as 
radio-frequency tire pressure sending units associated 
with a vehicle. 

[0002] U.S. Patent 5,600, 30 1 , assigned to the assign- 
ee of the present invention, discloses a tire pressure 
monitoring system that includes sending units associat- 
ed with each tire of a vehicle and a central receiving unit. 
Each of the sending units includes a respective radio- 
frequency transmitter that transmits an RF signal includ- 
ing both an identifier code and an indicator of tire pres- 
sure. Additionally, each of the sending units includes a 
magnet sensor. When the receiving unit is placed in a 
learn mode, a magnet is used to activate each sending 
unit of the vehicle in a predetermined order. The receiver 
learns the identifiers associated with the respective tires 
based upon the sequence of activation of the sending 
units. This approach has been found reliable in use, but 
it requires the user to have a suitable magnet for se- 
quentially activating the sending units. 
[0003] U.S. Patent 5,731,516 describes a receiver 
that identifies transmitters associated with a vehicle by 
first recording the identification codes received from the 
transmitters. After recording the identification codes, the 
receiver verifies that the identified transmitters are in- 
stalled on the vehicle by insuring that tire data is also 
received from the previously-identified transmitters. 
[0004] One problem of the prior art is that physically 
adjacent vehicles may include sending units that trans- 
mit similar identification codes and pressure indicators 
on the same or a similar frequency. In this event the re- 
ceiver can mistakenly record the identification code from 
an adjacent vehicle, instead of the desired identification 
code associated with the vehicle in which the receiver 
is mounted. 

[0005] The present invention is directed to an im- 
proved method and apparatus for allowing a receiver 
automatically to identify sending units associated with 
the vehicle. 

[0006] This invention is defined by the following 
claims, and nothing in this section should be taken as a 
limitation on those claims. By way of introduction, the 
receiver described in the following detailed description 
automatically learns the identifiers associated with the 
sending units of the vehicle. In one method, radio-fre- 
quency signals transmitted by the sending units are re- 
ceived by the receiver, and the receiver stores informa- 
tion indicative of on fy selected identifiers that persist 
during a learning period while the vehicle is in motion. 
Because the vehicle is in motion, the chance that a 
neighboring vehicle will remain in the vicinity of the re- 
ceiver-bearing vehicle during the learning period is sub- 
stantially reduced. 

[0007] tn one embodiment described below, the tires 
of the vehicle are inflated with separate respective tire 
pressures which are chosen to fit a predetermined pat- 



tern. For example, the pressures proceeding clockwise 
from the front left tire can decrease in a monotonic fash- 
ion. Radio-frequency signals transmitted by the sending 
units are then received and the identifiers of respective 

$ sending units are associated with respective tires based 
on the associated pressure indicators. In this way, the 
receiver learns the identifiers associated with specific 
wheels of the vehicle automatically, and the operator is 
not required to use magnets or other selection devices. 

io [0008] In the accompanying drawings: 

[0009] FIG. 1 is a schematic view of a remote tire pres- 
sure monitoring system that incorporates a preferred 
embodiment of this invention. 

[0010] FIG. 2 is a block diagram of one of the sending 
is units of FIG. 1. 

[0011] FIG. 3 is a block diagram of one of the RF sig- 
nals generated by the sending unit of FIG. 2. 
[0012] FIG. 4 is a block diagram of the receiving unit 
of FIG. 1. 

[0013] FIG. 5 is a block diagram of a memory array 
included in the signal processor of FIG. 4. 
[001 4] FIG. 6 is a flow chart of a method implemented 
by the receiving unit of FIG. 4. 

[0015] FIG. 7 is a list of constants and variables of a 
digital computer program implemented by the signal 
processor of FIG. 4. 

[0016] FIGS. 8-15 are flow charts of a computer pro- 
gram implemented by the signal processor of FIG. 4. 
[0017] Turning now to the drawings, FIG. 1 shows a 
schematic view of a vehicle V that includes in this ex- 
ample four tires. The vehicle V includes a remote tire 
pressure monitoring system 10 that in this example in- 
cludes four sending units 12 and a receiving unit 14. 
Each of the sending units 12 includes a battery-pow- 
ered, radio-frequency transmitter that periodically trans- 
mits radio-frequency signals indicative of pressure in the 
associated tire. In this example, the tires are labeled T 
(1 ), T(2), T(3), T(4), and the associated tire pressures 
are identified as P(1 ), P(2), P(3), P(4). The receiving unit 
14 receives radio frequency signals from the sending 
units 12 and provides a warning to the operator of the 
vehicle V when the indicated tire pressure of any of the 
tires is outside a predetermined range. 
[001 8] This invention can be used with the widest va- 
riety of sending units 12 and receiving units 14, and for 
this reason these components will be described only 
briefly here. 

[0019] . As best shown in FIG. 2, each of the sending 
units 1 2 can include a pressure sensor 1 6 and a magnet 
sensor 1 8 that provide input signals to a signal proces- 
sor 20. The signal processor generates output signals 
which are transmitted by an F*F transmitter 22. A battery 
24 provides electrical power to the remaining compo- 
nents of the sending unit 12. 

[0020] In this example, the RF signal transmitted by 
the RF transmitter 22 can take the form shown in FIG. 
3. As shown in FIG. 3, the RF signal 26 includes three 
components: an identifier 28, a pressure indicator 30, 
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and a magnetic frame indicator 32. The identifier 28 in 
this embodiment includes a digital variable ID(i) that is 
set equal to an identification code assigned to the re- 
spective sending unit 12. Each of the sending units 12 
of the vehicle V will therefore have a different identifier 
28. The pressure indicator 30 provides an indication of 
tire pressure in the respective tire. Preferably, the pres- 
sure indicator 30 takes the form of a digital variable P(i) 
equal to a measure of tire pressure, though other tech- 
niques are possible. For example, the pressure indicator 
30 may take the form of a carrier frequency, wherein the 
carrier frequency is selected to indicate the associated 
tire pressure. Alternately, the pressure indicator 30 in 
some embodiments can be threshold based rather than 
providing an absolute measure of pressure. The magnet 
frame indicator 30 can be a single bit variable M(i) that 
identifies the RF signal (sometimes referred to as a 
frame in this description) as either generated in re- 
sponse to a magnetic field sensed by the magnet sensor 
1 8, or not. 

[0021] In this example, each of the sending units 12 
transmits eight RF signals or frames per block, and one 
block of frames is transmitted every minute while the ve- 
hicle is in motion. When a magnet is used to initiate op- 
eration of one of the sending units, the respective send- 
ing unit transmits forty frames within a short period of 
time. 

[0022] As shown in FIG. 4, the receiving unit 14 in- 
cludes an RF receiver 34 operative to receive the RF 
signals 26 described above in conjunction with FIG. 3 
and to supply the received RF signals to a signal proc- 
essor 36. The signal processor 36 controls a display 40 
and is responsive to a learn mode switch 38. For exam- 
ple, the signal processor 36 can automatically provide 
a display if the received signals indicate tire pressure 
for one of the tires T(1) ... T(4) outside of a predeter- 
mined range. The learn mode switch 38 is used to place 
the receiving unit 1 4 in a learn mode, in which the re- 
ceiving unit 14 automatically associates the identifiers 
of each of the sending units 12 associated with the ve- 
hicle V with the respective tires. As used herein, the term 
•tire" is intended broadly and in some cases is used to 
signify a tire position (e.g. the front left tire) as compared 
to a specific tire. 

[0023] During the learn mode the signal processor au- 
tomatically loads the identifiers ID(1)-ID(4) into respec- 
tive rows of a memory block 42 as shown in FIG. 5. Once 
the memory block 42 is automatically loaded, the mem- 
ory block 42 records the association between individual 
tires T(1)-T(4) and the corresponding identifiers ID(1)- 
ID(4). The memory block 42 can then be used by the 
signal processor 36 to determine which received RF sig- 
nals are associated with the vehicle (as opposed to oth- 
er, physically adjacent vehicles) and the tire or tire po- 
sition associated with each received signal that is asso- 
ciated with the vehicle. 

[0024] FIG. 6 provides a high level flow diagram of a 
method implemented by the receiving unit 1 4 in the learn 



mode. As shown in FIG. 6, the receiving unit is placed 
in a learn mode in step 50 in response to activation of 
the learn mode switch 38 of FIG. 6. Either before or after 
activating the learn mode switch, the user inflates the 

5 four tires of the vehicle T(1)-T(N) to pressures P(1)-P 
(N), where P(1 ) < P(2) < ... < P(N-1 ) < P(N), as indicated 
in step 52. Then the user drives the vehicle at a speed 
greater than a selected speed (such as 15 miles an 
hour) for at least three minutes in step 54. During this 

10 period of time the receiving unit receives radio frequen- 
cy signals S(i) from the sending units in step 56, where 
each RF signal S(i) includes an identifier ID(i), a pres- 
sure indicator P(i), and a magnet frame indicator M(i), 
as described above. In step 58 the receiving unit then 

is associates selected identifiers ID(i) that persist during 
the learning period while the vehicle is in motion with 
specific tires T(j), based on the respective pressures P 
(i). This completes the learn procedure. 
[0025] It should be noted that because step 58 only 

20 associates identifiers that persist during the learning pe- 
riod, there is a reduced chance that sending units of oth- 
er, physically adjacent vehicles will be confused with the 
sending - units of the vehicle of interest. This is because 
the vehicle of interest is moving at a speed greater than 

25 the selected speed, and therefore a parked vehicle 
which was initially near the vehicle of interest will not 
remain near the vehicle of interest during the learning 
period. Furthermore, in step 58 specific selected identi- 
fiers are associated with specific tires based on the re- 

30 spective pressure indicators. Since the tires were inflat- 
ed in a specified pressure sequence in step 52, the pres- 
sure indicators received by the receiving unit provide an 
accurate association between specific identifiers and 
the respective tires. 

35 [0026] FIGS. 7 through 1 5 provide further information 
for a computer program for implementing the method of 
FIG. 6. FIG. 7 provides introductory information regard- 
ing constants and variables used by the program flow 
charted in FIGS. 8 through 15. 

40 [0027] As shown in FIG. 7, various constants are used 
in the program of FIGS. 8 through 15. The constants 
PMIN and PMAX define the minimum and maximum tire 
pressures that are accepted as valid pressure readings, 
respectively. The constant Ml N FRAME defines the min- 

4S imum number of frames or separate RF signals that are 
required from a particular sending unit before that send- 
ing unit is considered to have persisted through the 
learning period. The constant MINTIME defines the min- 
imum time (in minutes) that must elapse since the last 

so frame from a sending unit before that sending unit may 
be considered stale and removed from the buffer as de- 
scribed below. The constant DELTA defines the maxi- 
mum pressure differential between two consecutive 
frames of data from a single sending unit that will be 

ss accepted. The constant MAX defines the size of the buff- 
er used to store sending unit information. 
[0028] The program of FIGS. 8 through 15 utilizes four 
main variables as shown in FIG. 7. The variable Lear- 
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nArray is a buffer that stores a list of records, each 
record storing data from received RF signals having a 
respective identifier. The Learn Array buffer is referred 
to as a list on occasion in this description. As shown in 
FIG. 7, each record in the Learn Array buffer includes 
five separate variables. The variable RecTime is set 
equal to the time (in minutes) since the last frame was 
received from the associated sending unit. The variable 
Rec Frame is set equal to the total number of frames re- 
ceived from the associated sending unit during the 
learning period. 

[0029] The variable Redd is set equal to the identifier 
of the associated sending unit. The variable RecMag- 
netFrame is set equal to the total number of magnet 
frames received from the associated sending unit, and 
the variable RecPressure is set equal to the last pres- 
sure indicator received from the associated sending 
unit. 

[0030] The timer routine of FIG. 8 is executed once 
per minute, and it operates to increment the variable 
RecTime for each record in the LearnArray buffer. After 
this has been done, the garbage routine of FIG. 10 is 
executed. This routine removes records from the Lear- 
nArray in certain circumstances. In particular, the gar- 
bage routine evaluates the variables RecTime and Rec- 
Frame for each of the records in the LearnArray In the 
event that (1 ) at least one of the records in the LearnAr- 
ray has a RecTime greater than three (indicating that no 
frame has been received from the associated sending 
unit in three minutes) and (2) that record has a value of 
RecFrame <20 (indicating that the associated sending 
unit has not transmitted sufficient RF signals and the 
record is incomplete), then (3) the garbage routine dis- 
cards the incomplete record in the LearnArray having 
the largest value of RecTime, or one of the incomplete 
records in LearnArray associated with the largest value 
of RecTime and the fewest number of frames (as indi- 
cated by the variable RecFrame). In this way stale 
records are removed from the LearnArray. 
[0031] Every time a new RF signal or frame is re- 
ceived, the frame routine of FIG. 9 is called. This routine 
compares the pressure indicator of the associated 
frame with PMIN and PMAX, and only allows further 
processing if either the magnet frame indicator is set or 
the pressure indicator indicates a pressure between 
PMIN and PMAX. If so, control is transferred to the up- 
date routine of FIG. 13. This routine checks to determine 
if the identifier of the associated frame is already stored 
in the LearnArray. If so, the associated record of the 
LearnArray is updated. Otherwise, a new entry is added 
to the LearnArray The final loop of the update routine 
of FIG. 13 is executed only if the LearnArray is full. In 
this case, the final loop of the update routine removes 
a record of the LearnArray having the variable Rec- 
Frame equal to one (if such a record is present), thereby 
keeping only the new record. 

[0032] The amend and new record routines called by 
FIG. 13 are flow charted in FIGS. 14 and 15. The new 



record routine of FIG. 14 stores the identifier ID(i) from 
the most recently received RF signal in the variable Re- 
dd of the associated record of the LearnArray and re- 
sets the variables RecTime, RecFrame and RecMag- 

5 netFrame for this record. The amend routine of FIG. 15 
increments the variable RecFrame of the associated 
record of the LearnArray (to indicate that another frame 
of the associated sending unit has been received), re- 
sets RecTime to zero and sets RecPressure equaJ to 

io the pressure indicator P(i) of the most recently received 
RF signal. The variable MagnetFrame is incremented 
only if the magnet frame indicator M(i) is set in the as- 
sociated frame. 

[0033] Returning to FIG. 9, after the update routine is 

15 called, the frame routine calls the complete routine of 
FIG. 11. The complete routine sets the variable Total 
equal to the number of entries of the LearnArray having 
the variable RecFrame greater than MINFRAME. Addi- 
tionally, the variable Dlndex is set equal to the number 

20 of entries of the LearnArray having the variable Rec- 
MagnetFrame greater than one-half of MINFRAME. 
Then the variable Total is compared to four. If Total is 
less than four, the LearnArray does not yet contain four 
entries having an adequate number of frames. If TOTAL 

2S is equal to or greater than four, the complete routine of 
FIG. 11 then compares Dlndex to four. If Dlndex equals 
four, indicating that the four entries of the LearnArray all 
correspond to sending units transmitting magnet 
frames, then the extract routine of FIG. 12 is called. If 

30 not, the complete routine of FIG. 11 calls a sort routine 
that sorts the LearnArray by RecPressure, with the low- 
est pressure positioned in the first record of the Lear- 
nArray, the second lowest pressure positioned in the 
second record of the LearnArray and so forth. The ex- 

35 tract routine of FIG. 12 is then called. 

[0034] As shown in FIG. 12, the extract routine finds 
the first record of the LearnArray having RecFrame 
greater than MINFRAME and sets this first record equal 
to LEFT FRONT ID. In this way, the identifier associated 

40 with the sending unit sending the required number of 
frames and indicative of the lowest pressure is associ- 
ated with the left front tire position T(1 ). The extract rou- 
tine then finds the next record of the LearnArray having 
RecFrame greater than MINFFtAME and associates this 

45 record of the LearnArray with RIGHT FRONT ID. Thus, 
the next-to-lowest pressure received from a sending unit 
sending at least MINFRAME number of frames within 
the learning period is associated with the right front tire 
position. This continues until all four tires have been as- 

50 sociated with the identifiers of the respective sending 
units. 

[0035] Once all four tires have been associated with 
a respective identifier, the complete routine terminates 
the learn mode. 
55 [0036] Of course, many changes and modifications 
can be made to the preferred embodiment described 
above. For example, in embodiments where the receiv- 
ing unit 14 does not identify which tire is outside of the 
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desired pressure range to the user, the associating step 
58 of FIG. 6 can be revised such that selected identifiers 
ID(i) are associated with the vehicle in the event those 
identifiers are received repeatedly during the learning 
period. There is no need in this case to associate se- 
lected identifiers with tires based on respective pres- 
sures. Also, the system may additionally include con- 
ventional modes of operation in which a magnet is used 
to consecutively activate the sending units of a vehicle 
in a manual learn mode. 

[0037] As used herein the term "identifier" is intended 
broadly to encompass any aspect of a received signal 
that can indicate the source of the signal. As explained 
above, an identifier can comprise a digital code such as 
a binary code or a frequency such as a carrier frequency 
[0038] The term "indicative of pressure" is intended 
broadly to encompass signals that vary progressively 
with pressure (whether directly or inversely, linearly or 
non-linearly) or threshholded signals having one of a 
limited number of states in accordance with the detected 
pressure. 

[0039] The term "associate" is intended broadly to en- 
compass any storage of information that links an iden- 
tifier with a respective vehicle or tire. 
[0040] The term "extreme" is intended to encompass 
either the highest or lowest value in a sequence. An ex- 
treme value may be limited to the highest or lowest value 
that falls within an acceptable range, such as the range 
of pressures between the variables PMIN and PMAX in 
the foregoing example. 

[0041] The term "tire" is intended broadly to encom- 
pass tire position, such as the left front tire of the vehicle. 
[0042] Though the foregoing example has been stat- 
ed in terms of a vehicle having four tires, it should be 
recognized that the embodiments described above can 
readily be adapted for use with vehicles having either 
more or fewer tires. 

[0043] The foregoing detailed description has de- 
scribed only a few of the many forms that this invention 
can take. For this reason, this detailed description is in- 
tended only by way of illustration. It is only the following 
claims, including all equivalents, that are intended to de- 
fine the scope of this invention. 



Claims 

1. A method for identifying a set of radio-frequency 
sending units associated with a vehicle, said meth- 
od comprising the following steps: 

(a) receiving radio-frequency signals transmit- 
ted by the sending units, each radio frequency 
signal comprising an identifier associated with 
the respective sending unit; and 

(b) storing information indicative of selected 
identifiers that persist during a learning period 
while the vehicle is in motion. 



2. The method of Claim 1 wherein each identifier com- 
prises a respective digitally-coded signal. 

3. The method of Claim 1 wherein step (b) comprises 
the step of storing information indicative of those 
identifiers that are received repeatedly over a per- 
sistence period greater than one minute while the 
vehicle is in motion. 



io 4. 
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The method of Claim 1 wherein the radio frequency 
signals transmitted by the sending units comprise 
tire pressure indicators. 

A method for identifying and locating a set of remote 
tire pressure sending units, each sending unit as- 
sociated with a respective tire of a vehicle, said 
method comprising the following steps: 

(a) inflating a set of tires comprising tires T(1 ) ... 
T(N) with separate respective tire pressures P 
(1) ... P(N), wherein P(1) < ... < P(N); 

(b) receiving signals transmitted by the sending 
units, each signal comprising an identifier as- 
sociated with the respective sending unit and a 
pressure indicator indicative of a respective 
sensed pressure; 

(c) associating with respective tires information 
indicative of the identifiers in accordance with 
the respective pressure indicators. 



6. The method of Claim 5 wherein N = 4; wherein the 
set of tires comprises tires T(1), T(2), T(3), T(4); 
wherein the tire pressures comprise pressures P 
(1), P(2), P(3), P(4); and wherein P(1)<P(2)<P(3) 

35 <P(4). 

7. The method of Claim 5 wherein step (c) comprises 
the step of associating with tire T(1) information in- 
dicative of the identifier associated with the pres- 
to sure indicator indicative of the lowest tire pressure. 

8. The method of Claim 5 wherein step (c) further com- 
prises the step of associating with tire T(n) informa- 
tion indicative of the identifier associated with the 

45 pressure indicator indicative of the n* lowest tire 
pressure. 



9. The method of Claim 5 wherein the signals are radio 
frequency signals. 

10. An apparatus for identifying and locating a set of 
remote tire pressure sending units, each associated, 
with a respective tire of a vehicle, said apparatus 
comprising: 

means for receiving signals transmitted by the 
sending units, each signal comprising an iden- 
tifier associated with the respective sending 
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unit and a pressure indicator indicative of a re- 
spective sensed pressure; 
means for associating with respective tires in- 
formation indicative of the identifiers in accord- 
ance with the respective pressure indicators. 5 

11. The invention of Claim 10 wherein the associating 
means comprises means for associating with tire T 
(1 ) information indicative of the identifier associated 
with the pressure indicator indicative of the lowest i° 
tire pressure. 

12. The invention of Claim 10 where the associating 
means comprising means for associating with tire 
T(n) information indicative of the identifier associat- is 
ed with the pressure indicator indicative of the n^ 
lowest tire pressure. 
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Constants 

PMIN 

PMAX 

MINFRAME 

MENTIME 

DELTA 

MAX 



I5PSI 
30 PSI 
20 
3 

1PSI 
10 



Variables 

LeamArray(0 ... MAX) 



Time 
Count 

Index 



List used to store data for received transmitter 
signals 

Number of minutes since learn mode started 

Number of different transmitter ID's stored in 
Learn Array 

Loop counter 



Learn Array Structure 
LeamArray (i) 

RecTime 

RecFrame 

RecID 

RecMagnet- 
Frame = 

RecPressure = 



RecTime (i), RecFrame (i), RecID (i), 
RecMagnetFrame (i), RecPressure (i) 

Time since last received frame from transmitter (i), 

Total number of frames received from transmitter (i)„ 

ED of transmitter (i), 

Total number of magnet frames received from transmitter (i), 
Last pressure reading received from transmitter (i). 
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TIMER ROUTINE 



Start 

1 

Time < 255? — 
Time = Time + 1 

I- 

Index = 0 



N 



LeamArray[Index].RecTime <255? 

LearnArray [In dex] RccTi me =^ LeamArray[Index].RecTime + 1 



Index =» Index + I 

N I 

Index = Count? 

Call Garbage 

End 
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FRAME ROUTINE 



Start 
M(i) = True? 

In 

P(i) < PMIN?- 

1n 

P(i) > PMAX?- 

4n 

Call Garbage 
Call Update 
Call Complete 

End 

(data processed) 



End 
(data rejected) 



FIG. 
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GARBAGE ROUTINE 



Start 

I 

Count - 0? 

Time < 3? 

Dump = False 
WeakFramc = MINFRAME 
OldTimc j MINTIME 

Index = 0 

i 

LcamArrayflndex] . RecTime > OldTime? — 
LeamArray[ Index] RccTime = OldTime? — 

Jy 

LeamArray [Index] RecTime <= WeakFrame? 





N 



N 



OldTime = LeamArray [Index] . RecTime 

WeakFrame = LeamArray [Index]. RecFramc 

DIndex = Index 

Dump = True 

i- 



Index 



N 



Index + 1 



Index = Count? 

Dump = True? 

Count = Count - 1 

* v 

DIndex = Count? 

LearnArrayfDIndex] = ^ LearnArray[Count] 



N 



End 

(record disposed of) 



End 
(nothing to do) 



End 

(nothing changed) 



FIG. 10 
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COMPLETE' ROUTINE 



Start 

i 

Total ~ 0 

Index = 0 

D Index j 0 



LeamArray [Index] . RecFrame > MINFRAME? — 

Total = Total* I 

LcarnArrayflndcx]. I 

RecMagnctFrame > MINFRAME/2?" 



N 



DIndcx 
Index 
— Index 



I- 



D Index + 1 



I 



Total < 4? 



Index + I 
Count? 



N 



DIndex ~ 4?" 



Call Sort 
(Sort LeamArray by RecPressure 
with lowest pressure in first record) 



Call Retract 

End 
(learn complete) 



N 



N 



End 

(not yet complete) 



FIO. 11 
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EXTRACT ROUTINE 
St 



Start 



x = 0 



LcarnArray[x].RccFrame > MINFRAME?- 



_X_J X + I 



Left Front Id = LeamArrayfx] 
x t x+ 1 



LearnArrayfx] .RecFrame > MINFRAME? " 

Jn 

X j x + 1 



Right Front Id = LearnArray[x] 
x = x + 1 

LearnArray [x] .RecFrame > MINFRAME? * 

X j x+ 1 



Right Rear Id = LeamArrayfx] 
x = x+ 1 



Lear Array [x] . RecFrame > MINFRAME? 



jc j x + 1 



Left Rear Id = LeamArrayfx] 
End 



FIG. 12 
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UPDATE ROUTINE 



Index 



Start 

i 

4 



LeamArray[Index].RecId = Id®? 



Index = Index + 1 



N 



Index = Count? 
Y 

Count = MAX? - 
Y 



Index = 0 
1?- 



LearnArray [Index] .RecFrame - 

Index = Index + 1 
Index = Count? 



N 



End 

(received data discarded) 



N 



1- 

Amend 



End 
(record updated) 



Call NcwRec 
Count = Count + 1 



Cou 



End 
'(record added) 



Call NewRec 

eL 

(record replaced) 



FIG. 13 
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NEWREC ROUTINE 



Start 



LearnAiray[Index].RecId = ID(i) 

LcamArrayPndcx] .RecTime = 0 

LeamArrayflridex] .RecFrame = 0 

LcainArray [Index] . RccMagnctFrame = 0 

Cell Amend 

J 

End 



FIG. 14 



AMEND ROUTINE 
Start 

LcamArray[Index].RecFrame = LeamArrayflndex]. RecFrame + 1 
LearnArray [Index] .RecTime = 0 
LearnArray [Index] .RecPresure = P(i) 

i N 

M(0 = True? - 

] y 



LeamArrayflndex] RecMagnetFrame ^ LeaniAiiay[Index].RecMagaetFiame + 1 



End 



FIG. 15 
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